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decrease is most marked during the warmer half-year, the 
season when convection is greatest. The air over the 
interior valleys becomes warmed under the intense inso- 
lation and expands upward, causing a sli4ht pressure 
gradient which increases with elevation. I h e  air then 
starts to flow down this gradient toward the ocean nncl 
the cool air over the ocean flows landward to replace the 
warmed air flowing off aloft (figs. 3 and 3). At ni-lit, the 
air over the ocean is warmer than that over tee land 
owing to the more rapid radiation of the land surface, and 
the reverse action tnlces place, a landward breeze aloft 
and a seaward breeze below. This is the theory of the 
origin of the land and sea breeze.' 

Mount Tamalpais probably penetrates the lower part of 
the transition zone between this seaward upper wind and 

the landward lower current. 
Therefore light variable winds 
would be espected during the 
tinie these convection-caused 
currents are operating. 

From observstions of c h u t l  
niovtmient, this upper senw\.urtl 
current is believed to blow from 
the northeast. Clouds are sel- 

-___ 

doni recorded ns moving froin 
breeze conditions (sandstriim). eFsterly . .  c411arte~, but when FIG. 2.--Actual circul~tion under sea- 

they are the direction is almost 
always from the northeast. This freedom from clouds in 
this air current is probnbly clue to adiabatic heatin-. 

The decrease in velocit,y a t  this elevation is simu?tane- 
ous with the beginning of convection in the interior vd-  
leys, i. e., about 9 a. ni. It is thought, then, that the 
outflowin air aloft, descending as it progress, ton& to 

clochwise direction, since during the middle of the day 
north and northeast winds are often recorded. This 
easterly wind flowing seaward a t  hi-h altitudes, if it  is 
not always strong. enough to cause a cyiange in the. rcgular 
wind direction, will at least interfere and cause a decrease 
in velocity. In  the middle of the afternoon, when con- 
vection in the interior valleys is decreasing, the wind ve- 
locity a t  this station begins 
again to increase; it reaches a 
maximum durin the night 

landward and woulcl tend to 
increase velocities, and this is 
in exact agreement with the 
observed facts. 

On rare occasions a north- 

cause a c 7 iange in the wind clirection a t  this level in a 

when the air alo f t is moving 

- -  

/ east velocity of from 30 to 60 
niiles hour is recorded' It FIG. 3.-Cireulntion of D land-breeze 
is belieTed, however, t h a t  (Sandstrom). 
these hi h northeast winds are 

vection, because the occur usually during the cooler part 
of the year. This gelief is further strengthened by the 
fact that the drift of smoke over the surrounding towns 
and cities shows the northeast trend ofthe wind to extend 
down to sealevel. 

Sonie idea of the height to which the seabreeze est,ends 
along the co:ist in this vicinity ctin be gained froin oh- 
serva tions nizi de on Mount Tnmalpnis during periods 
when fog is revnlent over ndjncent lowlands m c l  over 

in summer. Tho estimated averiige ieight of the sen- 
breeze in this vicinity is between 800 and 1,000 feet, 
assuming that i t  does not extend above the upper limits 

the resu 7 t of pressure distribution rather than local con- 

7 the ocean, a ? requent condition durin estended periods 

: S a n d s t r h ,  in Bull., Yt. Weather O k y . ,  1912, 5: 90, Ik. 

of tlie fog. This seems probable, since the nmin cause of 
fog dong tsliis coast is believed to be the misture of air 
ni:isses hnving different teniperii.tureu and relative hu- 
niidit#ies. There is 110 reason to believe that this mixture 
does not est,eiicl to the upper liniits of the moisture- 
be:i.ring wind. 

ho t l i e r  fact tlint semis to strengthen tlie belief that 
the se::breeze does not estcncl to this !eve1 is. the differ- 
ence in time between the beginning of the wind zit sea- 
!eve1 ii.nd the begitining iit this elevation. In the former 
case the time is the micldia id t h  forenoon, while it is 
ret:irdeil uiit.ii the inidd!e of the afternoon in the liitter. 
Tlie conwrse ~voulrl he espect,ccl, since the surftire wind 
cnco\lnt,er:j iiiore friction, which wouicl tend to retard it 
:~nd cnuse it to lag behind the wind t r t  somewhat higher 
levels. 

Stili nnotlier nrgument. in favor of this h potliesis is 

tion when tlie wind ii: northwest. For esiiniple, the case 
of dune 13, 1916, :Lt, 5 A .  i n . ,  c:in be cit,eil. Fog covered tlie 
en tire siirrouncling couiit~~y h!im t.hc st:] t.ion. The wind 
Iicre w:i.s light northivest, the teiiiperat*iire 68.5'F., 15 to 
20 degrees w~rnier  thnii the aiir :i.t senlevel, nnd the reln- 
t.ive humidity hut 5 per cent. To produce si1 turntion, 
this :iir would have 1iiiil to he cooled t,o 0' P. Were this 
wind n. true seabreeze coining off the ocem, the relnt,ive 
1iumidit.y coulcl not be so low, nor would the temperature 
be so hi& I t  seems more likely th:itr it, wns part of the 
upper se;iw;ird current., after it h;d begun to descend and 
stnrt Iandw-nrcl. Mount Tnm:ilpais. h i n g  so iiem the 
o c e m  nncl relntive!y high, would not be n g e n t  distance 
from this turning point. This, too, would esplnin tlie 
a.noni;110us, vertical tenipera hire distribution. 

the low rel;i tive liuniiclit~y sonietinies recvrdec 9 a t  this stn- 

RAINFALL ON DAYS WITH AIR TEMPERATURE BELOW THE 
FREEZING POINT.' 

By S. TAKAYAMA. 

(-4 bstraet.) 

VTlien the ilir temperature near t.lie eart.h's surface is 
below t,lie freezing point [O'C!.] precipitation generally 
takes t,lie form of snow. But, t.lie.re are ninny inst:inces of 
klie faliing of ordinary rnindrops in the hours during 
which the mercury st:iiids f:ir below the freezing point,. 
The author hiis picked out 30 cmes in all froni the me- 
teoroiogicn 1 registers kept ii t the niet,eorologicnl observn- 
t.ories :it H:dcocl:i.t.e, S.ip1)o~o. nncl  Nemnko for the 15 
yeiirs from I S r J i  to 1912. In the hrge majority of the 
&ses nir tempem t.iu'e w;is rnngiiip between Oo nncl  - 2°C. 
There wero t.lirce c.ise:r; in which the tc.iiipera.ture WRS 
be!om - 5'C. In one in.;t:!nce it w:is iis low ns - 7.S"C. 

Tlie henoiiieiion under consideration occurs iiiostly in 
the e>ir f y morning or a t  night, :md is rarely observed in 
the d:iytime. Its  dim tion i;: niostJy  le.^ than 30 minutes, 
and tlie :11n01111 t r ed ie s  scarce1 7 n millimeter. [In Jnpnn] 

gales from the east. 
In the 36 c:i.ses referred [ t . ~ ]  ;:bore, S cases were pre- 

ceded by snow, 2 Cil.Hes by soft, hnil [grmpe!]? iind 7 cases 
by sleet, [frozen rain drops'!]. In t,wo ewes it occurred 
with fog+. In the reniaining 14 ewes it was raining from 
bewinning t.o end. 

Xccordinp to the author t,here mo two causes of this 
n.bnorninl phenomenon. In most ciises it may be ex- 
plnined by ~ssuiiiing the esistence of the inversion in the 

this phenoiiienon occurs most 1 y with strong winds or 

__ 
1 Rcprintedjrom Journal, Yet'l. SOC. Japan, January, l9lG. 35:37-8. 
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place continuously in the higliiy supersaturated i r ,  hotli 
snow crystnls and rinclrops nre formed even though the 
air temperature is mnny degrees below the freezing 
point.-T. O[X.adn]. 

NEWTONIAN CONSTANT OF GRAVITATION AS AFFECTED 
BY TEMPERATURE.' 

By P. E. SHAW. 
[Rfprinlrdfrorn Pcieucc Abstracts, Swt.  A, -4u.q. 25,19143, $.'MI.] 

This paper deds with the possible esistence of :I 
temperature coefficient in the law of gravitation and gives 
an account of esperinients made to discover t.his coefi- 
cient. The apparatus used is of the Cavenclish torsion- 
balance typo, and tlie range of teniperatures was from 
15" to 250°C. The invest,iga!,ion has estentlecl over :t 
number of yews and wns cn.rried out in n v:tult of the 
hysics departineiit of Univeisity College, Nottinglimm. 

ft yields evidence for a posit,ive temperature eflect of 
gravitation and measures its value. 

The accuniulatioii of negative results in the esperi- 
mental study of rwitation is remarkable. In  consc- 
uence of the incifference 7 

c 1 an es of conclitions (other than those given by the 
siiiipii law .f= G U ~ ~ C P ) ,  none of the many theories of 
gravitation so far propouncled has received general accept- 
ance for lack of dnta wherewith to test theni. Some 
recent theories which consider the ossibilhy of tem- 
perature effect, are the following.: X. ~ornzov (1906) 
advanced a wtwe t,heory in w1iic.h the &ttr.zct.ion of 
illasses would vary with . teiiiperature; G. Mie (1913) 
gave a theory of niatter wliicli includes among its corolla- 
ries a t e n  erature coefficient of 10-1~ er degree C. to the 
so-called kewtoninn constant; N. f3olu. (1913), in n 
paper on the convtitutioii of the atom, assmned that 
gravitation like raclioactivity is unaffected by all physical 
and chemical agencies. 

Previous determinations of the Newtonian constant 
have been macle at  ordinary teni ieratures only, special 

throughout the apparatus used ; otherwise convection in 
tmhe air or strdns 111 tslie niovable system niiglit produce 

This is sliown repeatedly in the well- 
gomi researches by 0. V. Boys a,nd J. H. Poynting. 
The necessity of providing a steady temperature about 
the delicate parts of the aiparatus has previously been 
considered an insuperable bar t.o any direct esperiiiient 
to discover a teniperaturc effect for G. Yet indirect 
investigations have been ~iiude. Popt ing  and Phillips 
(1905) counterpoised a 1m.w of 20s 6111. on a balance and 
varied its teniperature between 100" and - lS6"C. They 
came to the conclusion that the resulting change in 
weight, if any, was less than lo4 per degree C. for the 
range 100" to O"C., and per degree C. for tlie range 

of the grmitati\-e force to 

care being taken to iiiaiiitain uni 4 ormity in teiiiperature 

ave errors. 

Oo to - 186°C. 
1 Phil. trans., Roy31 sor., London, May 27, 1916,216: 349-392. 
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Another balance esperiment on change in weight with 
ten1 )eratwo by Southeras (1906) led to a somewhat 

In  looking for a niethod to continue and estend these 
researches it is observed that a weight of say, 1 ni., can 
be deteriiiined on a bixlance to under favora B le con- 
ditions, wlieretw in a gra\+tat.ion apparatus, like that of 
c?. V. Boys, the attraction of one iiiti.ss on another can not 
be found with great.er accuracy tBan l W 5  at tlie utmost. 
'i'hus, apart froin other reasons, it, would be futile on the 
lat,t,er type of :tpparnt.uu t.c) l d i  for 21 teniperature effect 
between 100°C. and - 1SO"C. on the snid mass, 711, since 
tlie above negative results have established the case with 
the greatest possible accuracy. Hut, in these balance 
esperinients of Poynting m d  Phillips, the large mass M 
(in their case the earth) was unc:liniiged in temperature. 
Now M is incomparably l x  er t,lmi ,111 and iliiglit have a 
prcponderat,iiig influence, w- f iereby change of its tempera- 
tun: idone would affect the niutual att.raction. In  the 
iwrk referred to, Poyiiting and Phillips suggested (though 
without any a priori rounds) the feasibihty of some such 

siriii ?I a.r result. 

expression as the fo If owing: 

wliere K is a teniperature coeiEcient and t ,  t' are incre- 
iiicrits in temperatures of hl cmd w.. Wlim M/in is very 
great, this rrcluces to 

f =G(1 +Kt)(M,/n/d') (2) 

so that, on the aliovc supposition, the uutual attraction 
would be influenced by change in temperature of the 
lar e mass on1 . 

&lmitting &e possibility involved in (3), weight ex- 
periments must be abandoned. in the endeavor to detect 
a temperature effect in gravitation and an apparatus 
adopted, having both masscs (M and 7n) under control 
as regards temperature. 

I t  IS supposed by some that Kepler's third law estab- 
1ishtr.s the constancy of G. But the resent author has 
tried to show that this is false, an s - that the common 

ractice of obtaining the masses and densities of heavenly 
godies (sun, earth, planets, etc.) by assumin the in- 
variability of G is at  fault. It was there he1 5 that in 
such a view Kepler's laws are strained beyond their 
legitimate use. 

A survey of previous researches on gravitation is then 
given and affords some slight information as to tempere 
ture effect; five cases are noticed. 

In  this connection it may be noticed that there are 
three classes of work, the results froin which should be 
clistin ishecl: (1) Chan e in temperature of both M and 
m (in%eetly by Boys, taily, von Sterneck); (2) Chan e 
in temperature of M only (indirectty by Mendenh a% , 
dire& in the present research): (3) Change in tempera- 
ture of na only (directZy by Poynting & Phfips). 

In  the resent research a nuniber of early e s  eriments 
were ma R e in a 

of B oys; that is 

ways. Finall a P orm was 

the chamber. %he 

ado ted closely the Cavendis experimenta 
siiid masses, en&, na, were 

an esliausted chamber 
inasses, M, M, hun at  

ones of lead. The 
~ 

*See Science Abstracts, 1918,s 16213. 


